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00 (54) Title: METHOD FOR VAPOUR DEPOSITION OF A FILM ONTO A SUBSTRATE 

^ (57) Abstract: Method for chemical vapor deposition of a film onto a substrate. Before bulk chemical vapor deposition the sub- 
strate is subjected to a nucleation treatment. The nucleation treatment comprises atomic layer deposition wherein the substrate is 
alternatingly and sequentially exposed to pulses of at least two multually reactive gaseous reactants wherein the nucleation tempera- 
ture is chosen to prevent condensation of either of the used reactant and to prevent substantial thermal decomposition of each of the 
reactants individually. 
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Method : for vapour depositing nf , ^ 2BllLuj ^ 
5 ont ^""^^ 

5 onto a substrate comprising: ™ 

- Verting a substrate in a reaction chamber 

first temperature, resulting in an nucleation layer 

- ^^"-nd^oomp^g^^ 

10 second temperature "i°naia 

chamber. 

Such a process is known from US-542007? a tu; a 
nitric fii • , , • ^2U072A. This document discloses a titanium 

Itanium layer in the same compartment. ^ 
EP 3401 13A1 discloses deposition of GaA* 

25 followed by a second deposition staee Th. t u ■ * ' 
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release of gaseous by-products. One of the problems encountered in the chemical vapor 
deposition technique is that many processes are afflicted with a nucleation process 
which depends on the condition of the underlying surface. This means that the tendency 
of the reactants to adsorb on the surface, decompose and form a solid film depends on 
5 the condition of the surface of the substrate. In some cases this can be advantageously 
applied, e.g. in selective processes where the deposition of a film over exposed silicon 
surfaces is desired but not over parts of the substrate surface which are covered with 
silicon oxide. In order to achieve this result, the conditions can be chosen such that the 
nucleation rate on silicon is orders of magnitude higher than the nucleation rate on 
10 silicon oxide. After the surface is covered with a thin film of the material, the further 
deposition typically proceeds at a faster rate. In many cases, however, this phenomena 
leads to undesired effects, e.g. when a uniform deposition over all parts of the surface is 
desired. 

In the prior art the problems related to a surface dependent nucleation are 
15 overcome by introducing a first deposition stage in the chemical vapour deposition 
process with process conditions that are favourable for nucleation of the film to be 
deposited and which are different from the conditions in the second and main 
deposition stage where the remainder of the film is to be deposited. However, 
conditions favorable for rapid nucleation are not necessarily favorable for uniform 
20 nucleation and/or deposition over the entire wafer surface as well as in trenches in the 
wafer surface. 

Furthermore, the nucleation rate on parts of the reaction chamber can be different 
from the nucleation rate on the substrate. As a consequence, the nucleation stage on 
some inner surfaces in the reactor can be completed earlier than on other surfaces. 

25 When the nucleation stage is completed, film deposition starts, which leads to a higher 
consumption of the reactants. This means that the local conditions in the reaction 
chamber change in the course of the time during the nucleation phase which influences 
the controllability of the process in a negative way. For example, a linear extrapolation 
of the film thickness with the deposition time will give an unreliable prediction of the 

30 actual film thickness achieved. In addition, in the case of a batch reactor, not all wafers 
face a same local environment. In many cases the substrates have a wafer-like shape 
i.e. are thin in one dimension and much larger in the two other dimensions and in a 
batch reactor they are placed in a row, with their large surfaces normal to the direction 
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is self -limiting. It is possible to cany out this method with more than 2 reactants, e.g. 
3 reactants for the deposition of a ternary compound, provided that the reactants are 
matching and, when introduced into the reactor separately, do not thermally decompose 
at the first temperature. Due to the deposition of a thin film by Atomic Layer 
5 Deposition, a uniform starting surface is provided for the subsequent chemical vapor 
deposition on all surfaces in the reaction chamber. After the Atomic Layer Deposition 
pre-treatment, the substrate is heated to a second temperature and the reactants for the 
chemical vapor deposition process are introduced into the reactor. After completion of 
the deposition by chemical vapor deposition the supply of reactants is cut-off and after 

10 evacuating and/or purging the reaction chamber and backfilling it to atmospheric 
pressure, when required, the substrate is removed from the reaction chamber. 
In a first embodiment the thin film deposited by the Atomic Layer Deposition pre- 
treatment has mainly the same composition as the film deposited by chemical vapor 
deposition. In a second embodiment the thin film deposited by the Atomic Layer Depo- 

15 sition pretreatment has a different composition than the film deposited in the chemical 
vapor deposition step. In the case of layers, deposited in the two deposition stages, with 
substantially the same composition, the first temperature at which the Atomic Layer 
Deposition is carried out is typically lower than the second temperature at which the 
chemical vapor deposition is carried out, but this depends also on the reactants chosen. 

20 In Atomic Layer Deposition processes the deposition rate is very low because of 

the required purge times in between the respective reactant pulses. Therefore, the 
reactor volume and shape of an Atomic Layer Deposition reactor is optimized to yield 
minimum purge times and a maximum deposition rate. Inherently to the Atomic Layer 
Deposition process is that the process conditions like pressure, temperature and flow 

25 are not critical as long as sufficient reactant is supplied. Because the process is based 
on the sequential and alternating saturation of the surface with one monolayer of reac- 
tant, a uniform film deposition will be obtained whenever saturation of the surface is 
achieved in the repeated cycles. On the other hand, reactors for regular chemical vapour 
deposition are optimized for uniform film deposition at an economical deposition rate. 

30 In chemical vapour deposition, temperature, pressure and reactant flow are critical pa- 
rameters and the design of the reactor takes this into account to achieve a uniform 
deposition. This reactor design is not optimum for economical Atomic Layer Deposi- 
tion. However, when Atomic Layer Deposition is applied as an in-situ pre-conditioning 
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pnor to chemical vapour deposit in . reactor designal ft , ^ ^ 
depos,on, a Med immber of Atomic Layer ^ ^ § ^ 

«* . no, economical for Atomic Layer Deposition are altowable ,o yield an overall 
process tha, s sfflI ^ of ^ _ ^ to ^ ^ ^ 

*e Atomic Layer Deposition puIses is t „ ^ ae pressure ^ ^ 

*amber a, a low value to aHow rapid purging of the reaction chamber volume in be- 
«"« fce pukes. Preferably this ^ „ maiatamed ^ ,„ ^ ^ ^ 
erably this value is maintained below 1 Ton. 

0 surf, ^^"^^^^^""^"^''^eofftesubs^e 
0 s^face and a layer by layer grow*, Therefore the surface ro „ghness which is a result 
of a nucleation stage is omitted and fce surface after Atomic Uyer Deposition is 
basically just as smooth as the starting surface. 

According to preferred embodiment of tie invention tie nucleation heatmen, 
.ess than 30 and more particuOar ta ta 20 ^ ^ ^ rf 
nucleation iayer shoidd be betow 30 A and more particular ,ess than 20 A. Preferably 
the invention ,s used to obtain a tantalum oxide layer. 

Brief descrip tion of the fi pn»c . 

Figure 1 Schematical presentation of ga, system and furnace 

Figure 2 Thickness results with an LPCVD process in accordance to the prior ar, 

different types of substrates present 

Figure 3 Thickness results with an LPCVD process in accordance to Uie prior art 

all substrates present are bare silicon substrates. 

Figure 4 A flow diagram of the process according to the invention 

Figure 5 Thickness resutts from the process according to the invention. 

Detailed description of the inv^„. 

an emboT ' f?! ° ! «— utilized for 

an embodnnen, of the metirod according to the invention for the purpose of tantalum 

™ Uner by 3 which inner Hner delimits a reaction chamber 4. The process tubel 
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surrounded by a heating element, not shown. A plurality of wafer like substrates 10 is 
placed in a holder 11 which holder is supported by a pedestal 12. The pedestal is sup- 
ported by a doorplate 13 which closes the reaction chamber 4. The process tube 2 and 
inner liner 3 are supported by a flange 20. Gas is injected into the process chamber 4 
5 by the gas supply lines 40 and 41, either directly or via a gas injector 42. The gas is 
exhausted via the gap between inner liner and process tube, through the gas exhaust 
line 30 towards the pump (not shown). The container with tantalum penta ethoxide 50 
is connected to a nitrogen supply line 43 to be able to put the liquid source material 
under pressure. The flow of liquid source material is measured by liquid flow meter 54. 

10 In vaporizer unit 55 the flow of liquid source material is controlled, mixed with nitro- 
gen and vaporized. The vaporized flow is fed into the gas supply line 41 by opening 
valve 56. Alternatively, before and after feeding the vaporized flow into the reactor, the 
flow can be directed towards the pump (not shown) by opening valve 57 while valve 56 
is closed. The flow of nitrogen to the vaporizer is controlled by Mass Flow Controller 

15 62 whereas Mass Flow Controller 72 controls a flow of nitrogen directly fed into the 
gas supply line 41. Mass flow controllers 82, 92 and 102 control the flows of 
respectively H20, 02 and N2, fed into the reactor via gas supply line 40. Pneumatically 
operated shut-off valves 61, 71, 81, 91 and 101 provide in means to isolate the 
respective mass flow controllers from the gas supply lines at the upstream side and 

20 pneumatically operated valves 63, 73, 83, 93 and 103 provide in means to isolate the 
mass flow controllers at the downstream side. Shut-off valve 51 can isolate the 
tantalum penta ethoxide container 50 from the nitrogen supply line 43. Closing shut-off 
valve 53 interrupts the liquid tantalum penta ethoxide flow and opening valve 52 allows 
purging of the liquid flow controller 54 by N2. 

25 In Figure 2, the thickness results for a tantalum oxide chemical vapor deposition 

process are given for a process according to the prior art. In the specific example, the * 
processing was carried out in the batch reactor, schematically represented in Figure 1, 
with a batch size of 1 10 substrates. The gas is inserted from the side where wafer 1 is 
located and the gas is exhausted at the side where wafer 110 is located. In a reactor 

30 filled with 110 filler wafers containing a deposition of tantalum oxide, four filler 
wafers, at positions or slots 6, 7, 99 and 100 were replaced by bare silicon test wafers. 
Consequently, two bare silicon test wafers, namely 6 and 99, were facing with their 
front side respectively the bare silicon test wafer 7 and 100 whereas wafer 7 and 100 
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In figure 5, the results of a process in accordance to the invention and to example 
1 is given. 

Example 1 

5 

A specific example of a process in accordance with the invention is the following. 
After inserting a plurality of substrates into a hot wall batch reactor, the substrates are 
heated to 220 °C. As a first reactant, tantalum pentaethoxide (TAETO, = Ta-(0- 
C2H5)5) mixed with nitrogen is admitted into the reactor while pumping at the exhaust 

10 end of the reactor and maintaining a pressure of 1 Torr. The temperature of the vessel 
containing the (TAETO) is maintained at 35°C. A nitrogen pressure is applied to the 
vessel and a flow of liquid TAETO, corresponding to a vapor flow of 9 seen, is fed 
from the vessel into an evaporator. A flow of nitrogen of 500 seem is also fed into the 
evaporator. TAETO vapour, together with the nitrogen gas flow is fed from the 

15 evaporator into the reactor. The duration of the TAETO exposure is 2 min. After cut- 
off of the TAETO supply the reactor is purged for 2 minutes with approximately 500 
seem N2, the N2 flow is interrupted for 30 seconds while the evacuation is continued 
and the N2 flow is switched on again for 2 minutes. Then a flow of water vapor of 500 
seem is supplied to the reactor during 2 minutes, followed by a purge/evacuate/purge 

20 sequence. This whole cycle was repeated 20 times. After these Atomic Layer 
Deposition cycles the substrates were heated to 400 °C and the LPCVD process was 
executed with the following conditions: 250 or 375 mTorr, 9 seem TAETO vapor, 200 
seem 02, 550 sscm N2. 

In a second example, tantalum tetraethoxide dimethylaminoethoxide 

25 [Ta(0C2H5)40CH2CH2N(CH3)2] is utilized as the source material for tantalum 
oxide deposition. 

Although in example 1 a hot wall batch furnace is utilized, a person skilled in the 
art will understand that the method of the invention will apply to any batch, single 
wafer, hot wall or cold wall CVD reactor according to the state of the art. In another 
30 example, the nucleation treatment comprises the Atmomic Layer Deposition of an 
alumina or zirconia layer. In yet another example the bulk chemical vapor deposition 
comprises the deposition of a TiN layer, preferably preceded by a zirconia nucleation 
step. 
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Claims 



1. Method for chemical vapor deposition of a film onto a substrate comprising: 
inserting a substrate in a reaction chamber, 
5 - subjecting said substrate to a first treatment comprising a nucleation treatment at 
first temperature, resulting in an nucleation layer , 

- followed by a second treatment comprising bulk chemical vapor deposition at a 
second temperature 

wherein said first and second treatment are realised in the same reaction 
10 chamber, 

characaterised in that 

- said nucleation treatment comprises atomic layer deposition, wherein the substrate 
is alternatingly and sequentially exposed to pulses of at least two mutually reactive 
gaseous reactants, said first temperature being chosen to prevent condensation of 

15 either of said reactants and to prevent substantial thermal decomposition of each of 
said reactants individually, the nucleation treatment including less than 20 cycles. 

2. Method according to claim 1, wherein said first and second treatment are realised 
in the same reaction chamber. 

20 

3. Method according to one of the preceding claims, wherein one of said reactants 
used in the first treatment is used in the second treatment. 



4. Method according to one of the preceding claims, wherein between the 
25 subsequent pulses of the at least two reactive reactants the substrate is treated with a 

inert gas. 

5. Method according to one of the preceding claims, wherein the first temperature is 
equal to or lower than the second temperature. 

30 

6. Method according to one of the preceding claims, wherein, the deposited film at 
the second temperature is tantalum oxide. 



10 



15 



WO 02/08485 

PCT/NL01/00520 

7. Meaod according to one of the preceding ctoims , wherefa ^ 

•aoWum oxide comprises tanMum protoxide [Ta<0-C2 hJTT^ 

8. Method according to claim 1, wherein the film deposited at the el 
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